A number of researchers have used a simulated body fluid (SBF) to get an in vitro preliminary assessment of bone-bonding ability of an artificial material by examining apatite-forming ability in the SBF, before animal experiments. However, the common method for preparing the SBF and for detecting an apatite formed on a surface of a material in the SBF has not been established yet. The ion concentrations of the conventional SBF are not exactly equal to those of human blood plasma. In the present study, the detailed preparing method, and a newly improved SBF were proposed. In vitro assessments of apatite-forming ability in the conventional and proposed SBFs were performed.
INTRODUCTION
It has been revealed that various kinds of materials bond to living bone through a layer of apatite formed on their surfaces in the living body.1-3 It has been also shown that this apatite layer can be reproduced on their surfaces even in an acellular and protein-free simulated body fluid (SBF) with ion concentrations nearly equal to those of human blood plasma, and that apatite thus formed is very similar to the bone mineral in its composition and structure.4-14 On the basis of these results, a number of researchers have evaluated in vivo bone-bonding ability of a material by examining in vitro apatite-forming ability on its surface in the SBF preliminary to animal experiments. It is quite useful to save the lives of test animals, and reduce the experimental period and cost.
It is, however, known that the ion concentrations of conventional SBF (c-SBF) are not exactly equal to those of human blood plasma. Recently, several revised SBFs such as revised SBF (r-SBF) and modified SBF (m-SBF) with ion concentrations equal to and close to those of human blood plasma, respectively, have been proposed. 15, 16 However, the r-SBF and m-SBF with high HCO3-.concentration tend to deposit calcite in addition to bonelike apatite especially on Ca-based bioactive materials due to the release of Ca2+ ion. Therefore, the r-SBF and m-SBF are not the best media for bioactivity assessment.
It is also known that the assessment using SBF does not always show good reproducibility. It usually depends on misunderstanding or the lack of care for preparing method of the SBF, as its detailed preparing method has not been established yet. Another possible reason lies in the conventional preparing process, i.e., powder dissolving process. It is considered that the radical increase in the local supersaturation with respect to apatite or calcite raised by dissolving powder reagents can lead to the undesirable precipitation of apatite or calcite during the preparation process. Therefore, it is recently proposed that liquid mixing processes is better to reduce the risk of undesirable precipitation.
On the basis of above opinions and previous works, the composition and the preparation procedure were modified and a newly improved SBF (n-SBF) with ion concentrations equal to those of human blood plasma excepting that of HCO3-was proposed.17 The n-SBFs were prepared by two different preparing processes of powder dissolving and liquid mixing processes, respectively. The detailed procedures for preparing the SBFs were also specified. The comparison of in vitro measurement of apatite-forming ability was carried out between the c-SBF and n-SBFs
The result of round robin tests (RRT) of the SBFs for in vitro measurements of apatite-forming ability are reported in the present paper. Ten institutes, including universities, companies and public institutes, took part in this RRT, as shown in Table 1 
RESULTS
It goes without saying that the c-SBF was prepared successfully with taking great care of pH change. The np-SBF and nl-SBF were prepared successfully by the newly proposed procedure as well as c-SBF. However, it took almost twice more time and labor to prepare the nl-SBF than the c-SBF and np-SBF. Figure 1 shows the changes in pH of the solutions in the preparation process of the c-SBF and np-SBF. The pH became quite low after adding aqueous Figure 4 shows the SEM images of the surfaces of the glass A and B with mirror and #400-abraded surfaces after soaked in the c-SBF, np-SBF and nl-SBF for 12 and 18 h, respectively.
Regardless of SBF, both glass A and B formed apatite uniformly on the whole surfaces of them. However, the apatite formed on the #400-abraded glass surfaces had more cracks and bonded more tightly to the glass specimens than that on the mirror surface glasses. Figure 5 shows the results of the RRT of in vitro assessments of the apatite-forming ability of glass A and B in various SBFs. In total, 9 results of XRD and 11 results of SEM were gathered. The glass A soaked in the c-SBF, np-SBF or nl-SBF showed the quite similar XRD and SEM results, respectively.
The glass B soaked in different SBFs also showed the similar results as the glass A. The induction periods to form apatite on the surfaces of the glass A and B, respectively, did not depend on the types of SBFs. While the c-SBF showed the relatively high reproducibility,
the np-SBF and nl-SBF showed slightly higher reproducibility than c-SBF, and there were no great differences between the np-SBF and nl-SBF. The SEM analyses tended to detect the apatite formation earlier than XRD. The SEM analyses showed smaller data spread than XRD. The intensity of XRD patterns differed from one institute to another, and some institutes did not showed any XRD patterns. It was found in almost every glass that some portions of apatite layer formed on the glasses were peeled off. The area of the peel-off also differed from one institute to another, and the glass with #400-abraded surface showed smaller area of the peel-off in total than that with mirror surface. It became quite difficult to get SEM images of the glass surfaces with the peel-off, as it induced the intense charge up.
As for the preparation of the nl-SBF, a lot of comments were received that the nl-SBF is not easy-to-prepared, as it took almost twice more time and labor to prepare nl-SBF than the c-SBF and np-SBF. 
DISCUSSION
Generally, the SBFs such as c-SBF and n-SBFs are metastable solutions supersaturated with respect to apatite. An inappropriate preparation method can lead to the homogeneous nucleation of apatite in the solution.
However, the detailed instructions for #400-abraded surface than that with mirror surface, since the mechanical interlock between the glass and the apatite is created only on the abraded surfaces. Therefore, the #400-abraded surface is better than mirror surface for the assessments with high reproducibility.
Since the RRT clarified that both glass A and B showed the quite similar results regardless of SBFs as shown in Figure 5 , it is proved that both the np-SBF and nl-SBF can be also used for the apatite-forming ability assessments.
The reproducibility of the c-SBF was improved and was higher than originally expected, since all institutes taking part in the RRT prepared the c-SBF following the detailed instructions, which was briefly written above.
It is considered that the appropriate procedure for preparing the c-SBF can control the volatilization of CO2 to some extent and made the RRT data spread lower. On the other hand, the reproducibility of the np-SBF and nl-SBF was quite similar and almost all the institutes showed the good reproducibility of the n-SBFs in the RRT, since the procedure for preparing the n-SBFs involves little volatilization of CO2 originally. This indicates the SBFs prepared in an appropriate manner following the instructions can show good reproducibility regardless of the preparing procedure.
The first detection time of apatite formation, however, depends on the analyzing apparatus. The SEM can detect a quite small particle of apatite, while the XRD cannot detect until a certain area are covered. The SEM results less affected by the equipment, while the XRD results largely depend on the experimental conditions and device such as type and power of X-ray lamp. Therefore, the SEM tended to detect the apatite formation earlier and showed smaller data spread than XRD. Considering above reasons, it can be said that the apatite-forming ability does not differ by types of SBFs. It is, however, better to use the n-SBF, if you intend to prepare the apatite, whose composition is close to that of human natural bone in addition to the apatite-forming ability assessments. Consequently, the results of the RRT performed in various institutes concluded that the proposed np-SBF and nl-SBF as well as c-SBF could be used for the apatite-forming ability assessments.
CONCLUSION
The proposed np-SBF and nl-SBF as well as c-SBF with good reproducibility were prepared successfully. The bioactive CaO-SiO,-Na2O glasses soaked even in the proposed np-SBF or nl-SBF as well as c-SBF showed quite similar apatite-forming ability. All SBFs such as c-SBF, np-SBF and nl-SBF can be used for in vitro apatite-forming ability assessments preliminary to animal experiments.
